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(54) METHOD FOR PRODUCING HYDROGEN OCCLUDING MATERIAL, AND HYDROGEN 
OCCLUDING MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
producing a hydrogen occluding material in which the 
hydrogen occluding material having a surface structure 
suitable for hydrogen occlusion at a room temperature 
and made of a carbon base material can be obtained, and 
to obtain the hydrogen occluding material obtained by 
the method. 

SOLUTION: The method for producing the hydrogen 
occluding material has an oxidation process of treating 
cylindrical carbon compounds with a strong acid and a 
thermal treating process of heating the cylindrical 
carbon compounds. The hydrogen occluding material 
comprises the cylindrical carbon compounds with pores 
having a volume of 0.22 ml/g or more to 0.6 ml/g or less 
in the pores having the diameters of 1 nm or less. 
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I H*312] 

[mm: 

memm* 1400 .2000 tott^t a . mm 1 td£» L^**««*f « 
msmmi 1 & 0 0 tai . 1 s 0 0 -cwTT-ff 0 . is*^ 5 t=ne« l^*3»»k»« 

[ I1HS1I8 3 

WET^*y«HSpHl 0-14<0T;^'J*»«fc: 1 toT?fa, f*^7ic|S®L^ 
[1M9] 

[M««l03 

m^mrmMixmimit^mmn-thm^iM^i-h . mm 1 teaus* 

[BKSW33 

fflTLSr^SfS^O^S^to^^O, ffilnmOTaffllBBTLtfO. 2 2ml/giil 
±. 0. 6m l/gJ2lTOg«£,M>-Ov&. ^XlfijKfffi. 
[»^143 

lulEf^O^fti^ - y y f - - 7Xtt/&lfc& y -f S*->X'h&.n 

im 1 3 izmm 1 ttmsmfl . 

[0 0 0 1 ] 
[0002] 



(3) 



#^2004-230274 (P2004-230274A) 



[00 03] 
[00 04] 

[00 0 5] 

0. **<Rjfc&&<3*^l;i*4)ML ^> £ < F&Uft Ztil tziim 
[0006] 

[0 0 0 7] 

flttlf. *f*--t:v+7f i -7' (SWNTs ) Srffl^TMa. ftE^^iiKETT* 
**R«S-li-4*ffi* I «ftSilTV^4 (Nature, vol. 386, 1997 
, p. 377-37 9, Sc i e nc e, vol. 74, 1 999, p. 11 
27- 1 12 92rfc*) . 
[0008] 

(Journal of Physical Chemistry B, vol 
. 1 02, 1 998, p. 4 2 5 3-42 5 6. Carbon, vol. 37 
, 1 9 99, p. 1 6 4 9- 1 6 5 2 =5: if) . 
[00 0 9] 

%-&&1j&im j SZtLX^& (A PP l i e d Physics Letters, v 

01. 7 5, 1 9 9 9, p. 3 0 9 3-30 9 5. WB2 0 0 1-3 02224-f 
.Journal of Applied Physics, vol. 90, 20 
0 1, p. 1 54 5 - 1 5 4 9&£f) . 

[00 10] 

1. zm#iKtMz*m*mittttmiffl&ztix^z uoumai of 

Alloys and Compounds, vol. 330-332, 200 

2, p. 6 54-6 58) . 
[00 11] 

ixzimthmtfhhtMz. -mmzfoftiKmiznixmznimmitx 

[00 12] 

7kmmftm%ztzsbizii%-m-tfy-)~si-*-7' (swnts) zmmmmg 
Thht^i^tih. ztM. swnts nfi&Qmmj&^mmzitK^fitf**^ 

Ici^ (Physical Review Letters, vol. 6 9, 1 
992, p. 2689-2692). fl^ffifclmiTfiS^rai®*^ h t LTffl 



(4) 



^^2004-230274 (P2004-230274A) 



[00 13] 

ZZX\ SWNTsli, T-7im&, Wf-77V-y 3 >t, (CVD 

ii^W&^&l&£-f ft^^'&ft . ftfiguijffllfcfcltS SWNT s ^PHBto^-fk 
fcoc vf ^ < iiT ±5 0 . *><9fB£0!£ 4 k tf>ft . 

[00 14] 

ffitelf, Bougrinef,li, SWNTs^Ar^. 1 4 0 0 — 24 0 0*CT*3Q 
SLfci$o3Eiii#tt<7>£Kk£:7 7. 3 KlcfcitftK r«#fc:J: 0Wffl6tTv^*\ 
tioT^T (SWNTs^f|ffi_LOif§7L) ^«Jt*Jfc*^J:ot3efl:-rft*»Ho^TJ±» 
tt^(Carbon, vol. 39, 200 1, p. 685-6 95) . 
[00 15] 

4fc, Me ten i ertll SWNTsHrgS*. 1 6 0 0 — 2 8 0 0°CT1^g 

8 0 0 o CT'SWNTI^±A^ftL. fa-7'^)Mi s 2 nmK4 nmit^l <=2rft 1 I 
fc, 2 2 0 0-Ctl±t'l±SWNTsi^^-#yfyf a-7" (MINT) 
W;i:S«SLT^4 (Carbon, vol. 40, 2002, p. 176 
5-1 773). U>L$r#^ 5 £M££ftl;J:ft;i?T«£^Pjcovvcoie 

[00 16] 

4fc, Yu d a s akaA.ll Hi Pc o™ SWNTsfcJtLT 1 0" 4 P a<0|££ 
T. 1 0 0 0-2 0 0 O'CT'Ml^^ k , ««i31ilK<0±#fc:ffoTf-a-^*a 
^*<i4:ttf&LT^4 (Nano Letters, vol. 1, 20 
01, p. 487-489). U>»L&#iS>, tta^Sfkfcff 3^Tfl|jiO£-fPjCOU 

[00 17] 

4fc, Yangf>li, HiPcoTM SWNT s ^LT^l«U(iglt J; 

Physica B, vol. 3 2 3, 20 0 2, p. 140-142, Nan 
o Letters, vol.2, 2002, p . 3 8 5 - 3 8 8 ) . MUf. _L 
IB^SM^J; 0. it^ffim^'5 2 4m2/g^^8 6 1m2 /gtiffinrfft,! k . jf 
g#2-5 0 nmO* ViKTMBrttSfLi I k , ¥%KT« (average pore 
width) #3. 5nmKl. 0 nmiC^"tftC k . *g#2 nm£lT«?^ ? 
n^T^SA^'O. 15ml/gA^0. 2 7m 1 /gfcJffljirJ-ftC: k rfg^LT^ft . 
[00 18] 

ifc. C i nke^ll Hi Pco™ SWNTs^^f/l/*/l/A7$ Y ( D ME ) 

/x^-^y^rsy (eda) tfrraftu Ml/^HtCiotilffl^ot 

^^TflKtOgg-fktOV^TlftSLTV^ (Chemical PhysicsLett 
ers, vol. 365, 2002, p . 6 9 - 7 4 ) . -r^fe^, £fc»f#" 
5 6 7m2 /g*^l 5 87m2/gt;iiJ D -f| ) - , ¥%KT^MX#7. 2nniH 
3. 9nml:jS^tS:!:> ^^ndfT^i^O. 08ml/gH0. 2 8ml/ 
gfc»f ft.rk£«£LTV>S. 
[00 19] 

Sfcfc. Du^li. HiPcoTM SWNTs^rtfji*^iMiZ=fc-oTk'^=t3 
£3£ft"fft*\ MSS^JiT/l'^iRJtHiOfrfiiLTV^ (Nano Letters 
, vol. 2, 2 0 0 2, p. 343-346) . 
[0 0 2 0] 

ZZX\ ±11 THiPcoTM sWNTs j k(±. l*E<D-gflJSR (CO) J100 
0°CfftfiT*Fe (CO) 5 ^j!BlkLTjftS$-WiSWNTs^itL (Chemical 
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Physics Letters, vol. 313, 1999, p. 91-9 
7, Journal of Vacuum Science Technology A 
, vol. 1 9, 20 0 1, p. 1 800- 1 80 5. Journa 1 of 
Physical Chemistry B, vol. 1 0 5, 20 0 1, p. 
8297-8301). Carbon Nanotechnologies Inc.* 1 

t>mx-t&zttfx'%. mwmt&mt ixfc<m^t>tix^&. 

[0 0 2 1 ] 

SWNTs£ffll>TO*^®lrCii. 1 n mJjTRO** $ *t&X7&l&W}lZ& 

mx-hh^b tmm ztix\*& mta* tmvmmxm 1 #sa. > . -> x . 
t&4. 

[00 22] 

Chemical Physics Letters, vol. 358, 2002 
p. 213 — 218(3.2. Discussions of the adso 
rption mechanism) 
[0023] 

v^orai^v^ ttz, *mm&t^wmt(7)mmm&iz^i\x^j:\\ 

[0024] 

JEWi. JJE^MHWORlTJi, X7m.V*<r>*teit. *«««Ki:OWfli*CR8-p 

$>4. 

[00 2 5] 
[00 2 6] 
[0027] 

ttz. mfL&tt&tttto8&6te&bfrt>% o ,iin mj^TomiBaffL^ o . 2 2 m 1 

/gJJLh. 0. 6ml/g&TO««£iW>TV^ **!UWflfcffi4fcOT2&4. 
[00 28] 

[0 0 29] 

«ai^(3fcv^T^$ii^fi!SlliI7Lomjt^M^-ft$-ti:4 i 3 fcfEffl-f* . 
[0030] 

ifc, ±ISL£ r lulr2»L^^J Horvath-Kawazoe (H-K) £ 

\zt->xwa&2 nmjar^iti5fflfLt-ov^T«fLg^*ia«**j6. ;^fta*^Es 

[00 3 1] 

m<ni]~xyi-Jtt®mm-h^x'hh. 

[00 3 2] 
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^wm^mtttf^'m.wmz x fur , mtim^com^m *■ mssmx-nmt h 
mss^mmi^tinT. *m?Mm3ttfx 9 ^mmmmzm z. t vxz , ttz 
^ms^^-ti z t 5 . 

[0033] 

ftCOmitSmfrh**). m nmOTO|5iaWL* { 0. 2 2ml/glilh. 0. 6ml 
/g&T<?>mt£ v ^ OT\ £ O^ffiffiitt i o T *«RjKK&l*l±f S - b ifiX 

Miim&xcDfrmtfxcDmg&vw.ftz^mti. t lt t 

[00 34] 

msstwm-mt , irettfj^fc^&Ai&i-* iiine&^iim sir** i t 
awt»w. #-*>^y^-7'X(2/&t/#-*y^y*-y£&&^£ 
fc« at l t 15 y i- j f - i - rxii/atf*? - y * - > n^sqtr zimlw 

[0 0 3 5] 

nifi-m^mti-^yi'j^j.-fb . ^mmz^m^i^mA-t'yi-y^^- 
? mm. m&sam*. (mmj.#M) ) fc*s<4Htfc*i4. **>*ffli. me 

m«^-^y-fyf-i-7-^0. 6-5. Onm, J: 0#* L<(il-2 nmt*9. 
IS^l^-#>-f yf-i-7^'5-5 0 0 nmgflrefc*. ifc. *<0£3£owni^ 

[0 0 3 6] 

luie^-*>i-y^-y{±. H^ir4*S2 0-ty-.x-wi'*>n 

u-^-mm. m&z±mM%bm^m*-xyi-/**-7'cD±&miz}t^z> 1 
&nm±n$&tf&% izz- § sit ^^.rffltw. 

[0 0 3 7] 
[00 38] 

luE7-yKmaT1±. M^ifFeS, Ni, CofOMM^.l^', 7-7H«f-* 
yM-SfflUTHefllvT (Mitfl 5 OTo r r ) T^jfcU 7-?KtftyA' 
z b iz X 0 . Itrie^-^y^y f- i-:/£f»4 i 1 #T"£ 4 . 

■t y f^-T^tt* i t 4 . 
[00 3 9] 

4^. mint^m^mi. WBteMtrnm-tT-ti-uy. <y*£y. ^vym<n 
WM%*cob*w$b% j thz.b\,zx 9. f5ia#-tfy^y^-7££j£i-4#£-e 

co^tRjES-friiiitijio-c. Boismhcfria^-^^^y^^-y^^^-tJr 

[0 04 0] 
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2 tiX (WittlOOsccni) fcRJES-frSClkt.tO. IWE^-^^/f-a-^* 
[0 04 1] 

[0042] 

f - *' / * - y^fnasaf^ft^aao^ ^ - ^4 i s «t a * guiiis* s 

[0043] 

ifttttu *%m%ii. *.%®MMmt Lxmii]-^y-rj^^-7'x\i/Rifmi 
Ji—£yi-y*- y^miimki^m £ E i ^ ^> icss^-^T fl» ^w^t 

* -m-tzmte fir m^xws&'n i > . ^Tust^^is-t s t * o ** s ^ 

[0044] 

S^&^lOfcLTfflV^ilT^I) («itf, Chemi ca 1 Physics Le 
tters, vol. 364, 2 002, 586-592). 
[0045] 

[0046] 

*miiz2rJ < m&mzti \ >t . mimtmmxa . 5 n viknmm&Tmmt: m \ > 

IZtmtK. SftKCIi, 5 NULL, 35NOTOgffiaiX/X{il ONOh, 1 

(i. frie^^ao?iig^fr(±, iuiB^-*>^y^-a-7"x(±/5.t' : -|i r |g^_#>^y 
*->m^mimm^mvmmz£-oTmzz>ti\ minimal 0-1 oou^ 

-rso^ctv^ zttlzX^). mmt-tfyi-S^^-y'Xli/RVmsiti-tfyi-s*- 

y^mMimit^z^-thmmmum^ xzm&vtkzzizmz - 1 tn-z & 

[0047] 

wamtftthztmti^. mmm^mmta. mmm,mit^mzmam^ 
zmiTimtitmz. Mi&w&{t^®±&^itmz®mmfci&tz<7)m 
mzfrfctz^mit mmwmiti^nmizimtzmmB?LZ3iiz 
mmzm&zm x 0 fzfm-th . mz , m&^tet^commmmmniSj&zfe 
■£ 1. mMmmmmz x h rnxmrnrnxfe mt^mti-?, 
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[0048] 

j *-ymmwm\t^mzi&E$h wemm-^ x^mmmz. Mtimnz'p 
(mtfi-io-2Pa)t, mtsmmzft a t>\ MmtizizmBmmz 1 4 o o 

■cULh, £9#£L<tfl 6 0omi:T'froCk#MiU\ flWIMSI^JdWIk L 
Ti2. mra*«fl:-&ft^BItJ:o-CS^S* J . miflwlE^k£fckL-Ct{riE#-tf 
^yfi-?SIl^. mWI£2 0 0 0mK J:0»iL<l±1 80 0°C 
mTT^f9ikA I #4L<, 2 00 0X;SJtti4k. MfE#-tf >^^i-7'?)flSii# 

Sfit L4 o ztifhh* tit. msmsmowsii. mmm^^m^mz x^zm 

tC&tf* MHH 0-6 Om i nk-tS^iV^. 
[0049] 

[00 50] 

T^HfldWL^^ao. 2 2ml/gJSLL 0. 6m l/gHTtMn^tmi. 

*»T*&kU 3Et-«*«^*i!taiLTfc. B**^**#*£^fc»**S::k# 
[00 5 1 ] 

[00 5 2] 

fi***ifL4»(!0**^^ES«3^-* £ k 13 «t 0 . 3 £ k 4 . 

[00 5 3] 

< *«ig« w^«3e^(i . ±iecom i ^mmcommx-mm 1 1: x o t . 
ht\ mssammjmt. r^vmm^ffor^v^mjM^Lx^x^xw 

[0 0 54] 

±ie^ rr^.j^aigj k(i. itne^^KSft-^^r;^ >j muzz 
ztizx*), mi®mmfciiM<vmmz(DmmziF^&7vi>7TZttnti-x 

iztti-zfflEfflftimz*mmizm ttzmmz^t^^ x o tzimt z> . 

[0 0 5 5] 
[0 0 5 6] 

%2<nm&mmzXh*wmMr5< mrnnmn . i&itzm 1 (omm^mmt nmiz 
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[00 5 7] 
[00 58] 

&Zb tmt l < , Mrfcmzli, 5 NELL 3 5 NJaTtfflSR&tf/Xli 1 0 NULL. 1 
14, fiiE&i^3^M&frl4. M^*-X>i-S^*-7XlZ/AlSfflli*-#>i- S 

■t&otfxw ztiiizx o , liris* - # y i- j f - * - rxii/ai/ Soie^? - # > y * - 

[00 59] 
[00 60] 

j ym^m^mit^m imtud^ xzmtzmz , Mier/i^ i> % 
s^=fT03&\ Aftwtttwer/^'jjfiatpH io~i4. t tos : iL<i±pHio- 
i2<7)T>i>*v*m®iz±^-ciToc\ttmtn\ msZT/itvmmtixu. *s 

iiTritvmmiz±6m<o ) m&mi. mmmit^^m. ^umir^v 
?mmnwmiz i -> & *\ mummvmi o~i oosHttiWi^. 

[0061] 
[0 0 62] 

^mmn. mimit^mm^^mmznmitz^ww^comBT^ v*mtn& 
mzim^m^tti. miTtvi] vmmiz£mmj.nzmm?fcizitz 
^mttz. wtmwmwtffit ltj±. sitiii o#ell n«iii 2 0 

#ELLT*4. 
[00 63] 

[0064] 

L< . i DftftWWiloi^JlSrBSE^ (M/Jf 1 -1 0 - 2 p a ) . 14 0 OiCJa 
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, mimfc^nwrnizx^xmifiK mmmmm^mtixmm-^yi- 
/f-^-^fflv^^ m?mmit 200 o°cm. x^tt<in soo-cot 
tit 3 >r k L < , 2ooo°c&^^^k. Mie#-*^ / +*-7*m afcWfth. 

#\ 0Utf 1 0-6 Omi nk-fi^J:^. 
[0 0 6 5] 

nxmiMzmwmimA xmzmfh tmz. ttzmmmmmizmmmfc 

[00 66] 

%->x. ifW^zm^<w^mziix\i. mum-mtztifzMffii^L. mi nmia 

T^loieWL&S^O. 2 2ml/gH±, 0. 6ml/g]&TI£JBlKti>Zb&?*& 

. lt, ^ (D*miizm~j < wm>mz x^xn^tn *mmtfm . imuzx? 

[00 67] 

4. 

[0068] 
[0 0 6 9] 

SSlttfc, J&2ffifc, ^ix^W®SHd£fl$*-tf:7°nhy (H + ) 
*WflBt*Ci3V^. IKIES lS^)fflt**^ft*&»^^L. ::w**#*&*&3l5a»*> 

[0 0 70] 

•J*Sft77-u» *^7 5-u>B**jiWr«i4. cii£>?)7 7-^y!P*#£ 

fflV^rnhygSWsCO^TJi, WOO 1/06 5 1 9tlEtt#&£. 1*IE7*n 

hyg»*kLT. mi7y-is>mmmm^tz%&, z^mhyim^mwmz 
7 7-uymmfo^frt>%$>fi\ m^ii&^Mizx^xmmztix^&z ttiwti^ 

. $rfc, 15iE7 7-u>S»*o*]&>t^4Uia7*nhye»*kLTti. 11127 5-^ 
>^**SilE^LT#^^iltt^75-U>R^Sfflv^fJ:^. 
[0071] 

[0 0 7 2] 

muzii, m&fc^T'U A*m*witbixftmLtzMZ7*t. muz^-tioiz. z 
mft5tfmztix^&. 

[0 0 73] 
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) a^ifttiiSiiS. «S£f (h 2 ) *»*S[K}8Srii3frrsiSlnrnhy^^ 

[0074] 
[00 7 5] 

ttz. m3 ^t-tk^^ :+ > ^imt u 4 □ h >€s*tt 5 T**>r * > ftm Loo 

[0 0 7 6] 

[0077] 
[00 78] 

ill 

HA U:H i Pc o™ SWNTs (Carbon Nanotechnol ogie 

s inc. w& ) i,zM l . Trnz^titrnwrnm^ xT®nmmRum&w*m 

[00 7 9] 

ifc, TEM (jfiig«?IMttL Hitachi HF-2000, HMZEl 50k 
V) TM& U:^m®6 KgVt . 
[0080] 

Hit 1 TfflVVfcimfc . 1 0 - 2 P a^T«UI§#ll\T, 1 6 0 O'CT 3 O^Witt 

[00 8 1 ] 
Hi? 3 

3»lTfflWltS?U gfcStLT3 5N^)a»l 0 0m 1 4"T 2 B^jg^WI \ 
[0082] 

mm. a 

mm^^titzmmz^ix , 1 o- 2 Pa&ToJtffijPHSi. 1 6 oo-c-c3o#ia 

[0083] 
3S»5 

TffiVtfltmi g^LT lANcommi 0 0m I *T2 BSHgWftJ&SfcfrV^ 

[00 84] 

SH6 

H«5T#4>il^imi^LT. 1 0- 2 PayT^fll, 1 6 0 0°CT"3 0#EI 
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[0085] 

mz 

mmx-m^tzumi gizntx3 sNnmtk 1 4N<7)^^3 ■. i«x^t 
^issioomi ^x-2^s\m^>imm\ m>xio-? p^xr^%^m%. 

[00 86] 

ili 

1 T-ffl^fim 1 glzHLX 3 5 N^KSt 1 4 N<nmt 3 : 1 <7>ffi&ikXi3&L 
tzWStl 0 0ml ^T'2^faS^5M^^U. give 1 0" 2 P aWT^3tS»H». 
1 3 0 0°CT-3 0 Wif1«3£ftv\ Ti££^JtOTt»S^ #7&»tf>iHl&tf 

mfcx-afcmmMmn ft -> tz . 

[0087] 
HIS 9 

K» 1 -pfflV vfcWR 1 S fc*f LT 3 5 N iO^St 1 4 Htrnmk 3 : 1 ^*»JtX-a^ L 
fc&Kl 0 Om 1 *T'2B^jg#WI£ftV\ ^UT 10-2 P alTFOJIS^fflfL 

1 4 0 O'CT'3 0 4Matftt&«UI£1tv\ Tie^-ntM*^ ^T^aow«5.i^ 
MfflT<7)*««aUtlFfli i ft 1 tz . 
[0088] 

lOltlTfflV^KJPH gfc*tLT3 5Nc7)^gfc 14NOig®£3 : 105**tfcT»£L 

^ski oomi *x'2#T®m%%i%mz^\ m^x 1 o- 2 pajaT^)*as#H», 

1 5 0 0°Cf3 O^fg^ttMI^ftu, TEt^-fJtltllPBBl3t. sKTSm^fffliai/ 
[00 89] 

g»l 1 

liltffll^Sl g^LT3 5Nc7)KKfc 1 4N?)ijfKr 3 : 1 <7)imttXiB& I 
feiSlOOml +T2B^j@ ; 9&J!^£?TV\ 1 0" 2 P aOT^JtSSHSL 

1 6 0 o°ct'3 o^/-i(t.«s^ffv\ TH^-rjt^Bs«B8«. xr^mmmRis 
m&xr^mmMm £ ft ^ ^ . 

[00 90] 

mi 2 

SBRlTfflV^tCfil gfc*tLT3 SNOEKi: 1 4 N<Wm& 3 : 10*«JfCa^L 

tiiiioomi *x-2BniammKmzfr\ «wt 1 o - 2 p&viT^mmm*. 
1 8 0 o°ct3 oKWz^mmz'^K Twzttv&mm%. ^rmmmmm 
m&x'<7)*mmMMm 

[00 9 1 ] 

mm 3 

mm 1 -Cffl^fcstft 1 g £*f LT 3 5 N toSEKfc 1 4 NOii§?£ 3 : 1 ^imitXS.^ L 
/;gSl0 0ml 4>T'2Bmg#«I£ftV\ «Wt 1 0- 2 p aJiTFOE^HS!^ 

200 or-c-3 o^Mt^a^ff^. Tm^i-imwm^ ^rmmmmm 
m&x-nfcmmMms&iT -> £ . 

[0 0 92] 

mm 4 

m*i xm^tzmn gesu 1 Nosssn oomi +t2i§fsi^wi^ffi\ a 

1 0 - 2 p al^TOl2fI», 1 6 0 0°CT"3 OWiltSHrfitV TIB^ 

-rmmmtz. . ^rmm^wmmm^x-^mmMmm zrf-otz. 

[0 0 93] 

mm 5 
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V>T 10-2 P aWT^Jl£»HSv 1 6 0 0'Ct3 0MM!l^tfi\ TEfc* 
[00 94] 

mm e 

^»irfflV^55^1 gfcftLT3N?)«&l 0 0m 1 ^t2Wfj«I^ffl\ g 
UtlO-2 P aJaTO*a»ffl«. 1 6 0 0°CT'3 04HaWfttJR*SI*ffV\ TEfc^R 

[0 0 9 5] 
Hl&l 7 

iiltffll«l gt:SU4N;?)eil00ml *t2^^t»Irffl\ ft 

kio-2 p amT^^#a^, 1 6 o o'cx3o^mmm^\ te£^ 

[00 9 6] 

mis 

Pa£iT^fIH, 1 6 0 0°C"C3 0#EFilt2M£m\ TfBt^ 

[0 0 9 7] 

mm i rffli^tcfi iscsuion ioomi*t2 msmnmmm > . 
«v^io-2p attTmmm%. i 6 o o*c-c-3 o^Ha^ftswsasiTvv teh 

[00 98] 

mm2 o 

Hl!n#«l gfctfl/C 1 N^MSU 0 0m 1 +T2l«B8«tt!yi^fi ; V\ « 
1^10-2 P aJiTR93££f£HSL 1 6 0 04HB^fftJ»WI*ffl\ TEfc* 

SIS. ^TSm^rFtt^'MaT'^^igKl-ff Mr -5 £ . 
[00 9 9] 

mm 2 1 

mUTfflV^ISE 1 g lz# IX 3 N 1 0 0 m 1 2 B^j@WS«UlS-^ , tt 
Wf 1 0- 2 P alilT^^H^. 1 6 0 0°CT3 04m£ftfmmZm\ TEfc^ 

[0100] 

mm 2 

mmixm^tzmmi g«ttx 5n^?$su oomi 4>T-2^gw^ar^\ a 

t >T 10-2 PaHT^I2#II, 1 6 0 0°CT-3 0jt®tzlimmZ'^\ TE£^ 

-tttasasis , xTmtvmimm&X'<v*%wuffimz?T^ ?z . 

[0101] 
H«2 3 

Ultffll^l g£**LT8Ntf)lfKl 0 0m 1 4'T*2B^I§l^^a^m\ & 
1 0 - 2 P aJilT^Jl^fffl^ 1 6 0 0°CT'3 O^fc'fta&HfcffK TEfcjS 

[0 10 2] 

gg»2 4 

H»l Tffl^fclSm gfc**LT 1 0N<0«S1 0 0ml *T2 

a^f 1 0- 2 p aJ2lT<Ojl3E#ffl«. 1 6 0 0*CT"3 0#|^ftltMI£m\ TEfc 

[0 103] 
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t±. Brunauer-Emmett-Tel ler (BET) ffifciO. fflttE (p/ 
P 0 )#0. 05frh0. 25<Vfm?m>1t. ttl.XTmtli. Horvath-K 
awazoe (H-K) ffifciO. ES*«2 n m^T^WL^OV^T«LS^ftH&* 
ft . Z crymkfr h m@# 1 n m&TWfflTL^SWHI * . TIE* 1 fcflHrt * 

-r. 

[0 104] 

*3&Rii*IMffl^>'7 , ;l'-b;utft^iifciSfi lgH'vM, 4 0 0°C. 2 . 0 x l o 
- 4 PaUlT^SJtSTTll^lSlfii^fTo^a. 2 5X:. 8MP a^7kSE^)TT'M 
£fc , *««aiSJI^HMSti J I S H 7 2 0 1 IzWt. Stt(Journ 
al of Alloys and Compounds, vol. 330-332 
, 2 002, P. 666-669) fcE»Silfc2ri£fci 9ffr>fc. *S*£TE«1 
£0WrTjjcr#, *XC0HltdjailTtt4,ii^«^aff ( = 1. 0) t LT^Lfc„ 
[0 105] 

ifc, I^E^K*^^LT^^«T-fflv^oi6oox:os^^o^^§^ ( 
mu i4~i9). mmmmcvmg. ( n ) t . *mIcS*l< 

fc^BSH^Hl^t. 
[0106] 

ifc, B?ilS^gN<^^LTi^^maT'fflv^oi 60 0^|^$r^^^§^ ( 

^H6ai/nit2o-2 4) . mtmmnmst ( n ) a, **«»jreL<tttf7g«i 

[0 107] 

S&fc* WEMlWc»ffiaL"C3 5N^iiEKai4NiO«Ka*3 : l*>tt«Jt"C«£L 

^awi oo mi iiKt. *m®.m£.m i<a xT®n trm&zms 

\&Ft (3017-13) . 
[0 108] 
[«1 ] 
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mi 



mm 


H 2 S0 4 


HN0 3 


HTT 

CC) 


(m 2 /g) 


(ml/g) 




i 


- 


- 


- 


630 


0. 21 


1.0 


2 


- 


- 


1600 


520 


0. 16 


0.6 


3 


35N 


- 


- 


580 


0. 20 


0. 8 


4 


35N 


- 


1600 


600 


0. 24 


2. 4 


5 


- 


14N 


- 


620 


0. 20 


0.9 


6 




14N 


1600 


640 


0. 23 


1.3 


7 


35N 


14N 


1200 


620 


0. 19 


0.9 


8 


35N 


14N 


1300 


620 


0. 19 


0.9 


9 


35N 


14N 


1400 


640 


0. 23 


1.8 


10 


35N 


14N 


1500 


670 


0. 25 


5. 0 


11 


35N 


14N 


1600 


740 


0. 27 


14.0 


12 


35N 


14N 


1800 


720 


0. 25 


7. 0 


13 


35N 


14N 


2000 


590 


0. 22 


1. 2 


14 


IN 


- 


1600 


525 


0. 21 


0.9 


15 


2N 


- 


1600 


525 


0. 20 


0.8 


16 


3N 


- 


1600 


530 


0. 20 


0. 9 


17 


4N 


- 


1600 


540 


0. 21 


0.9 


18 


5N 


- 


1600 


560 


0. 22 


1. 1 


19 


ION 


- 


1600 


630 


0. 24 


1. 9 


20 


- 


IN 


1600 


630 


0. 19 


0.8 


21 




3N 


1600 


590 


0. 18 


0.8 


22 




5N 


1600 


600 


0. 19 


0. 8 


23 




8N 


1600 


610 


0. 20 


0.9 


24 




ION 


1600 


640 


0. 23 


1. 1 



[0 109] 

mxmmi, Lfrhmzmmmmzm^hitxTi^tz^z'. nhixtz^mmmnn 

& 1 n m&TtoffiSm/W&mi 0 . 22ml/gJjLhfc^r0. d ^ffi«J&#.**lft* 
[0 110] 

tfz, mmxaeizitK^ mmi iimffl&mw£X'mzm.mn&\^mmwzv> 
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[0 111] 

t £ . ±is^ i i <£ o 4> «t 3 luiE^ig^Qt & nx mzitmkxm ^tz 

%£\ ( N ) #5 NULLOfc § . S 1 nmOTOluieiilL^^I^O . 

22ml/gJ3Lhfc!fi:"3. **«aHfc& s flLt IfzOT. &B*«ttait& ( N ) 14 5 N & 

[0 112] 

±imiRV®2 xvw^tcx o iz. mmwtymmtixmttmx-m^tz 

( N ) tfl 0 NtLhOfc # , g 1 nml^T^BOieWLO^II* 5 0 
.22m i/gja_bfc=Sr 0 , **fSHt#flLtLfctf>-t\ (N)lilO 
N J2LLT* 4 - 1 i L v ^ t o . 
[0 113] 

$4>fc, ±Kftl&tfH3J: O^a^io^ lofaMIJi 1 4 0 orfcLLfc-f* I «h 

^Sfgs^^i^s^^aL-ri^ifc* 1 ^^^. ifc. *^st^Tt±. fulfil 
*{fc£ftfc ixmiti-xvi-s+j.-zrzm^tztf. 2 0oo'Cr^i>t 

0 0 0°Ct-f U\ 
[0 114] 

tztb. *mMfflxntfTmt* 0.27m l/ganiflstiw^t^ s»±t± 

;K7&»#o . 2 7 g/m 1 i; 0 < KtdffcmxmijMttz < **> 

j„ &&mtmx°\to. 6m \ / gcoxrmitzwzix&r) . mum&ti-xyt- 

[0 115] 

m25 

mm 1 "CfflV tfriflB 1 g fctt l/t 3 5 NOKKi: 1 4 NcDfl§K£ 3 : 1 OfrStltcate I 

tzfmi o om 1 4>"C2B«Ba*«asi*ffv\ iEc^-fttn™^ #7g»os 

[0 116] 

mM2 5 x-%htit$8®i,zn ix p h= i o cotks^t- h u ^ a jg« i o o m i *X4 m 

WB&'ff^tz. 
[0 117] 
^27 

$m2 6xr&t>tLizffiuzitix. ^^4oo°ct'4^^^'#v\ ±.mz^?&m 
mm®%. xT®mmmRvm&xcD*mmtM.wm$:'<7^tz . 

[0 118] 
gj§£2 8 

Hi; 2 7X^t>tlfzU,mzfi IX. 1 0 - 2 p aOTOS^#HmT- 1 6 0 OXX'3 0 
[0 119] 

ifc. TEM (m^Mrf-MUM. Hi tachi HF-2000. Mlffil 50k 

m6Mfm5£*)mfr%mz. mm28x^wzmmt. mmcouMi^<xii 
-x>i-/i-*-7'cDmmtf¥*-i;z%iix^hzttfwmztih. 

[0 120] 

mm.2 bx^Mzm^^zftixv^s^jmAifYv^mmi oom 1 *?4i$isi 
gft^irmv iwr^'jjjsa. m^AQwzx^mmitz, az^x\ 1 
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$twm% . xTmcowmmm&Tvmimmmzft tz . 

[0121] 
113 0 

mm 5^^titzmAiznLxvH=9n7mtt,i-vv*7mmi oom i +T4B*ia 

0 - 2 P a JilT£>££#H£vT , 1 6 0 0XTT3 04H5KfttJR«yitfTV\ JJEfcSmfc 
[0 122] 

mn 

m&2 5 X®t>tLtim\£.ft l X P H = 1 1 <F>jfmcJr HJ -Mf « 1 0 0 m 1 +T4 B# 
IBfi»ift*HI*ffV\ iiOT^'JJjUia, £SW>4 0 0*CT'4I$I3K!ISL£. 

1 0 - 2 P a&TOE^Sffi&T. 1 6 0 0°CT3 0^fc*WR*SI£fTV\ ±EtS1" 

ita™^ xT^mmmmfm&x^mm&mmz'n o tz . 

[0 123] 
SH3_2 

Hlfc 2 5 T*4>flfcttf*fctt L-T P H = 1 2 ^*KMk^ h 'J ^ 1 0 0 m 1 +T4 #f 

im&wmzftiK Lnrnxvmmk. ^%^Aoo°cx-A^mmLtz. &^x\ 
i o - 2 p a.m<^nmm%T. 1 6 o orx-3 o^^its&yis-mv jjatc^t 
it^ffimaug . xTmkmmmfm&x'<n*mmmm tz . 

[0 124] 
H»3 3 

IW 2 5 T"# S>flfc«R£*t IX P H = 1 3 0*8Htt h 'J ^ 1 0 0 m 1 +T4 B$ 
ISf^i£*03£fi ; V\ i^r^'JjBSia, 2S»*4 0 0X:T4^ISB!SIL^. &^T\ 
1 0 - 2 P a IilT<7)E^#Hf\T , 1 6 0 0°CT'3 0W5tW^ftl\ ±E£>Sf 

[0 12 5] 
jgi%3 4 

mm 5xi%hiitzmnizttixpH=i4<7)7m<ti-hV'y2±mMi oom i 4>t-4b$ 

IBHtfttWIfcfTlV ^7/^7 'J £^4 0 0rT4B#«iU^ &^T\ 

1 0- 2 P al:XTm^m%T. 1 6 0 0°CT'3 04HB*£W«tfSI*fTV\ JJEt^-f 

[0 126] 

tfc, JtMfii^ ^rsm^)iTfiifs.u : '7k^iK^jiiFfiiffcofem^Ti5^2^^T^i- 
a»\ ykmwmitmmmix^t,tifzmmm (=1. o> fcLt^u;. 

[0 127] 

°cxmmmmzuzm. mhi 6 o ovx-mmm^^tzt^^ (mm2 8-3 

4) . iTiET/^U*»jKt LT^NaOH*SSOpHfc. **fBBK L < t±#Tg 
*fc^Wffi*^l4t;^-. 

[0 128] 

[«2] 
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^2 



mm 


H 2 S0 4 


HN0 3 


NaOH 


Air 


HTT 














(pH) 




CC) 


(m 2 /g) 


(ral/g) 




25 


35N 


14N 


_ 


_ 


_ 


590 


0. 21 


0.9 


26 


35N 


14N 


10 


_ 


_ 


620 


0. 19 


0.9 


27 


35N 


14N 


10 


400t:,4h 


_ 


840 


0. 32 


19 


28 


35N 


14N 


10 


400T;, 4h 


1600 


920 


0. 32 


21 


29 


35N 


14N 


8 


400T;, 4h 


1600 


730 


0. 24 


12 


30 


35N 


14N 


9 


400t:, 4h 


1600 


740 


0. 25 


14 


31 


35N 


14N 


11 


400t:, 4h 


1600 


890 


0. 30 


20 


32 


35N 


14N 


12 


400t:,4h 


1600 


900 


0. 31 


19 


33 


35N 


14N 


13 


400t:, 4h 


1600 


890 


0. 32 


21 


34 


35N 


14N 


14 


400t:, 4h 


1600 


890 


0. 31 


22 



[0 12 9] 

ttffoy-cOT. ft^ii^**«a»miogi nmOT^iuieiiTL^smiio. 22ml 

[0 130] 

ifc, SSB2 814. f*fEfu^*PI3L MtlJIESyiaaSlfo^-C*. JtUBflt ^T«« 
[0131] 

3 4>fc. JJE£l2;&tf@4J: Ofte****^ lafBT/M? U*SSRfc LT<DN aOH* 
jfSW) P H# 1 0 Jilb<0 fc * , Sin m&TWl&iEiHffL^S^ 0. 2 2 m 1 / giilh h 

[0 132] 

^ttft^l^i-f s - #?* § . 

[0 133] 

tt^frffc-^J^SrO. Si nmOTOtfiEWL^O. 2 2ml/gJjUi. 0. 6ml 
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[Hi ] ^mmmm^ximmmm^m. (n) h 2 ism*gL <i±^r#m 

[132 3 (l. 5iM7fQf^*E ( N ) t . H 2 «K«L<{i#rS«t<OWfft5rf/ 
[[333 (1. IM«?)fi£fc , H 2 f!aat^L<«jKr^afc^BMfiS:^t^7 7T 

[ 13 5 3 |3L **9agff^TEM^HTft&. 

1, 3 5 -Tn 

6-**#*&&aL 7. 11-gfcfiP. 8, 10-SBS. 9 -#AP 




2 0) 



HR?-»4-:^'LT 4 fj-A. 1-J V1T4 V 
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F?-A(##) 4G036 AB21 

4G066 AA04B AA13D AA47D AA52D AA53D BA01 BA25 BA26 CA38 DA04 

FA12 FA22 FA34 FA36 FA38 
4G140 AA48 

4G146 AA11 AC04A AC04B AC05A AC08B AD32 BA04 CB11 CB12 CB37 
CB38 



